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© Recombinant DNA with interferon-alpha promoter. 

© Insertion of IFN-alpha promoters in recombinant DNAs improves their expression efficiencies for useful 
polypepudes. Expression of such a recombinant DNA in host cells of mammalian origin is artificially controllable 
by the presence and absence of external stimuli using IFN-alpha inducers. Thus transformants with such a 
recomb.ant DNA read,ly increase to a maximized cell density with causing neither damages nor extinction due to 
polypeptides they produce, and subsequent exposure to IFN-alpha inducers allows the proliferated cells to 
efficiently produce polypeptides with significant glycosylates. 
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This invention relates to a novel recombinant DNA and a transformant containing the same, in particular, 
to a recombinant DNA which enables artificial control on expression for useful polypeptides, as well as to a 
transformant comprising a host cells of mammalian origin wherein such recombinant DNA has been 
introduce. 

5 Recent advances in recombinant DNA technology are very striking. Nowadays even polypeptides which 

are present in trace in living bodies can be easily produced in desired amounts by application of 
recombinant DNA technology. The typical models are insulin and IFN and in recent various types of 
recombinant polypeptides are in practical uses or clinical tests. 

Recombinant polypeptides are usually produced by introducing DNAs which code such a polypeptide in 
w host microorganisms such as Escherichia col? to make transformants, cultivating them and purifying the 
resultant cultures This method has the merit that one can easily obtain transformants with high efficiencies 
when he or sU; carefully constructs recombinant DNAs, as well as the demerit that glycosylated polypep- 
tides arc howeve- unobtainable therewith because microorganisms lack abilities of glycosylating polypep- 
tides. RocoarcN.; «n the last several years revealed that in certain lymphokines and cytokines glycosylation 
is may have an impxiant influence on their efficacies and possible side effects. While, unlike microorganisms, 
host colls of Tia-nmalian origin physiologically effect glycosylation: Thus recently cells from mammals 
including humjn njvo been revaluated as substituent host for microorganisms. 

By Vm- t.. allow DNAs to efficiently express in hosts, it is necessary to link strong promoters 
thereto A v.^i, t.f promoters have been devised hitherto, which can be briefly divided into two types: One 

20 type is u> r. ~>u n constitutively expresses characteristics, while the other type inducibly expresses on 
external «i.m,n iV norally in transformants, dependency on hosts, produced polypeptides may damage 
hosts in rr »'V reduce expression efficiencies of DNAs or under certain circumstances to result in no 
express *> -->.', m death of hosts. Because of these, the use of the latter type of promoters, i.e. those 
whose e .;<■:■.«. controllable by external stimuli, is preferable. 

25 Exar-v • ••' - .rwcntional promoters which are known to inducibly express on external stimuli are 
mouse m,i-.-.r, ;,.fvj tumor virus prompter, metallothionein promoter and heat-shock proteins. These 
promote rw merit that they enable artificial control on expression of DNAs, as well as having the 
drawta-fc r,r r--, ^morally exhibit decreased expressing abilities and need external stimuli by steroid 
hormor* u % % n metals. Many steroid hormones and heavy metals however exhibit distinct biological 

30 activities .r»! i .tn-s m living bodies and this hinders their uses in production of recombinant polypeptides 
which a" i<«* directed to administration to human. Although induction of expression by heating is 
supers t * * does not add such a substance in production systems, researches on heat-shock 

protem j- uivc just begun and therefore no promoters only with a sufficiently high expressing 

ability h*:v. [•-' v vtHoped. 

35 Thn../».f •« specification and figure, interferon is abbreviated as "IFN"; interferon-alpha, "IFN- 
alpha". mi.".- • promoter, "IFN-alpha promoter"; human interferon-alpha promoter, "HulFN-alpha 
promote" -.r .ntcr1eron-alpha2 promoter, "hlFP"; erythropoietin, "EPO"; human erythropoietin, 
"hEPO" ** <* • 'tcfon-gamma, "HulFN-gamma"; neomycin aminoglycoside phosphotransferase gene, 
"NeoR if * v , liololate reductase gene, "dhfr gene"; beta-lactamase gene, "AmpR gene"; SV40 

40 enhance .! ;■ wadenylylation signal region from SV40 virus, "poly (A) region"; replication initiating 
site in Mi > "Mi 3"; and replication initiating site in Escherichia coli , "ORI"; 

In >• * i° ,n 9. this invention aims to provide a replicable recombinant DNA which enables 

artificial • . « -ssion for useful polypeptides. 

Thi " ' a^s to provide a transformant comprising a host cell of mammalian origin 

45 whercm v.- • • <• ' .'*ant DNA has been introduced. 

Tl " ' - ■ • --K-'S a replicable recombinant DNA comprising a plasmid vector which links an IFN- 
alpha t- *- ' » una which codes a polypeptide excluding IFN-alpha. 

lni - - * ' "• » provides a transformant comprising a host cell of mammalian origin wherein such 

replicat - ■ una has been introduced. 

so Thi • • . ■ DNA of this invention expresses production of objective polypeptides when one 
introduo - ;<iaie host cells of mammalian origin to make transformants and then cultures the 
transfon^^' * • • - " mulating them with IFN-alpha inducers. 

Tnc ' » • cl this invention produces objective polypeptides when cultivated while stimulating 
with IFN ,.,',. is. 

55 The - • * now be described in further detail, by way of example only, with reference to the 

accompu»« r i- j. in which:- 

FIG. 1 st> * " ■ :!'ucture of plasmid vector phlFPL 
In ri3 i v- . ,'r uol SVE3 designates a gene wherein 3 SVEs are linked in series. 
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Now explaining this invention in conjunction with Experiments and Examples, the recombinant DNA of 
this invention comprises a plasmid vector which links an IFN-alpha promoter and a DNA which codes a 
polypeptide excluding IFN-alpha. 

The wording "IFN-alpha promoter" as referred to in this invention means all the promoters capable of 
promoting expression of ONAs which code IFN-alpha. Several types of IFN-alpha promoters from different 
origins are known: For example, there are about 20 distinct types of HulFN-alpha promoters including 
HulFN-alpha2 and HulFN-alpha8 promoters. Also in animals such as mouse and rat, similar types of 
promoters are present and feasible in this invention similarly as HulFN-alpha promoters: However in case of 
producing polypeptides which are principally incorporated in medicines and administered to human, it is 
preferable to use HulFN-alpha promoters which are in itself present in human body. The nucleic acid 
sequence starting at 5"-terminal of hlFP is given in the Sequence Listing with SEQ ID No.1. 

IFN-alpha promoters are obtainable from mammalian cells with methods which are common in the art. 
For example, genomic DNAs are collected from IFN-alpha producer cells such as leukocyte and lym- 
phoblastoid cells and subjected to gene amplification by the PCR method in the presence of a primer which 
bears a nucleic acid sequence with IFN-alpha promoter region. The obtained DNA fragments are introduced 
in an appropriate vector to make a recombinant DNA which is then proliferated in an appropriate host such 
as Escherichia colt, followed by collecting the recombinant DNA from the resultant culture. Subsequent 
cleavage of the recombinant DNA by appropriate restriction enzymes yields a DNA fragment with IFN-alpha 
promoter region. Plasmid vectors feasible in this invention link such an IFN-alpha promoter, which are 
usually created in artificial manner by arbitrarily linking DNA fragments as described above with DNAs 
which code polypeptides other than IFN-alpha and also with drug resistance genes using restriction 
enzymes and DNA ligases in combination. 

The plasmid vector in this invention does not exclude insertion of appropriate drug resistance genes 
which are to clone recombinant DNAs and transformants. as well as of appropriate enhancers which are to 
improve expression efficiencies in transformants. Particular drug resistance genes are. for example NeoR 
gene which imparts resistance against G-418 (a type of protein synthesis inhibitor), dhfr gene which imparts 
resistance against methotrexate (a type of nucleic acid synthesis inhibitor) and AmpR gene which imparts 
resistance against ampicillin. One of suitable enhancers is SVE: The below-mentioned plasmid vector 
phlFPI, which bears all of these drug resistance genes and enhancer, is very useful in practice of this 
invention. Of course one can insert in appropriate sites in such a plasmid vector initiation and termination 
codons. 

Now explaining DNAs which code polypeptides excluding IFN-alpha, the wording "polypeptide" as 
referred to in this invention means polypeptides in general excluding IFN-alpha and this invention is 
applicable to even polypeptides wherein glycosylation haq a substantial influence on their biological 
activities and/or possible side effects. Particular polypeptides are cytokines such as IFN-beta. IFN-gamma 
tumor necrosis factors, macrophage migration inhibitory factor, macrophage activating factor, colony 
forming factor, blastogenetic factor, interleukin 2, interleukin 3. neutrophil chemotactic factor and leukocyte 
migration inhibitory factor, peptide hormones such as EPO, insulin, somatostatin and growth hormone and 
enzymes such as tissue plasminogen activator. It is known that many polypeptides among these are 
originally produced in glycosylated forms and in several substances glycosylation actually has a substantial 
influence on their biological activities and possible side effects. The HulFN-gamma. tumor necrosis factors 
and hEPO produced by transformants according to this invention bear significant glycosylations and 
therefore exhibit notable therapeutic and prophylactic effects in human without causing serious side effects 
when incorporated in medicines and administered to human. 

The wording "polypeptide" as referred to in this invention means those as described above. Thus the 
wording "DNA which codes a polypeptide excluding IFN-alpha" as referred to in this invention means DNA 
and DNA fragments, usually, those in cDNA form, which code such a polypeptide or its homologous 
mutants. Generally cDNAs have the merit that they are easily available in desired amounts and readily 
inserted in plasmid vectors with no special pretreatments. By inserting such a cDNA in plasmid vectors 
using restriction enzymes and DNA ligases in combination, recombinant DNAs according to this invention 
can be obtained. Such a recombinant DNA is replicable and therefore easily obtainable in desired amounts 
by allowing it to proliferate in microorganisms such as Escherichia coli. 

The transformant of this invention comprises a host cell of mammalian origin where a recombinant DNA 
as described above has been introduced. Such a host cell is feasible with cells which are common in the art 
and in this invention there are no limitations in their sources or origins as long as the recombinant DNA can . 
be introduced therein and the resultant transformants produce objective polypeptides on external stimuli. 
General host cells are, for example, blood fetal stem cells, lymphocytes, fibroblast cells, oocytes and 
mutant cells thereof which are arbitrarily chosen dependently on the type of objective polypeptide and the 
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nature and properties of recombinant DNA to be used. Dependently on the use of objective polypeptide 
there may be inevitably provided restrictions in sources and origins of host cells: For example, in the case 
of polypept.des wh.ch are incorporated in medicines and then administered to human, It is preferable to use 
host cells of human origin. Particular host cells are. for example, CHO cell (ATCC CCL61) of Chinese 
hamster origin, BALL- 1 cell (JCRB 003578) of acute lymphoblastic leukemia origin and Namalwa cell (ATCC 
CRL1432) of Burkitfs lymphoma origin and among these lymphoblastoid cells including BALL-1 cell are the 
best host for large-scale production of useful polypeptides because they readily yield transformants with 
h.gh expression eff.c.encies and highly susceptible to proliferation. To introduce the recombinant DNA of 
this invention in such a host cell, for example, usual DEAE-dextran method, calcium phosphate cosedimen- 
tation method, electroporation, lipofection. protoplastic fusion with Escherichia coli. microinjection and 
infectious virus vector method are feasible. 

Now explaining the way of using the transformant of this invention, to produce polypeptides therewith 
dependently on the amount needed, the transformant is first proliferated to give a required cell density then 
allowed to produce polypeptides by culturing while stimulating with IFN-alpha inducers. 

The transformant of this invention can be proliferated by methods common in the art. For example the 
transformant is suspended in culture media to give a cell density of about 1x10*-1x10 7 cells/ml and 'then 
cultured around 37 «C for about one day to one week in usual manner while arbitrarily refreshing the culture 
med.a. thus increasing the transformant by about 2-200-folds. Proliferation of transformants using lym- 
phoblastoid cells as host is much easier: For example, transformants are subcutaneously or intraperitoneal^ 
implanted in an inoculum of about 1x10 6 -1x10S cells/animal in newborn rodents such as mouse nude 
mouse, nude rat and hamster which had been arbitrarily injected with rabbit anti-thymocyte serum to 
weaken poss.ble immunoreactions. By subsequently; feeding the animals in usual manner for about 2-10 
weeks, tumor lumps of the transformant are formed in the animals. The tumor masses are collected 
disaggregated, washed in appropriate media and then used to produce polypeptides Such in vivo 
proliferation using non-human warm-blooded animals readily yields about 2-10.000-fold cell populalioiTtf 
transformants. Proliferation using non-human warm-blooded animals is detailed in Japanese Patent Publica- 
tion No.54.15a'81. 

Transformants thus obtained intra- and/or extracellularly produce polypeptides when cultured while 
stimulating with IFN-alpha inducers. This invention provides no special limitations in IFN-alpha inducers- 
Usually, viral inducers such as Sendai virus, Newcastle disease virus and vaccinia virus and double- 
stranded RNAs are used. Dependently on the type of polypeptide, generally, transformants intra- and/or 
extracellularly produce polypeptides when cultured at about 35-37 -C for about 10-20 hours in the presence 
ol such an inducer. At this time, if transformant are simultaneously or successively exposed to both an IFN- 
alpha inducer and an appropriate amount of IFN-alpha, then production of polypeptides by transformants 
ripay be notably augmented. Dependently on the types of polypeptide and host cell, the amount of IFN- 
alpha inducer to be added to culture media usually lies within the range of about 0.1-50,000 hemag- 
glutination liters/ml for viral inducers, desirably, about 10-500 hemagglutination titers/ml. while for double- 
stranded RNAs. about 1-100 micrograms/ml. desirably, about 10-50 micrograms/ml. The amount of IFN- 
alpha to be used in combination with IFN-alpha inducers usually lies within the range of about 0 1- 
10.000IU/ml, desirably, about 100-1.000IU/ml. Amounts of IFN-alpha lower than this range hardly give a 
notable effect, while amounts higher than this range may affect subsequent purification: Thus the above 
range is deemed to be best. 

Produced polypeptides can be purified by methods common in the art. For example, supernatants 
which have been obtained by centrifugally removing transformants from cultures are added with ammonium 
sulfate to effect salting out and the resultant sediments with crude polypeptides are purified by purification 
methods, for example, concentration, salting out, dialysis, column chromatography, high-performance liquid 
chromatography, gel electrophoresis, isoelectric point electrophoresis and affinity chromatography which 
may be arb.tranly combined. In case that objective polypeptides are IFNs and tumor necrosis factors 
affinity chromatographies using monoclonal antibodies as ligand are very useful and polypeptides with the 
possible highest purity can be obtained with minimized labor and cost. 

Polypeptides thus obtained bear significant glycosylation due to postexpression modifications in hosts. 
Because of this, it can be said that this invention favorably utilizes recombinant DNA technology to give 
polypeptides which are much more similar in nature and properties to correspondent natural polypeptides. 

The recombinant DNA and transformant of this invention will be concretely explained in conjunction with 
several embodiments. The procedures used in the following Examples are common in the art and detailed, 
for exampte, in J. Sambook et at. Molecular Cloning A Laboratory Manual . 2nd edition, 1989. Cold Spring 
Harbor Laboratory, Cold Spring Harbor. New York, USA, and Ausubel et a... Current Protocols in Molecula r 
Biology , 1990, John Wiley & Sons Ltd.. Sussex, UK. 
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Table 1 

Primer 1: 

5 ' -GGATCCCGCCTCTTATGTACCCACAAAAATC-3 
Table 2 

Primer 2: 

5 ' -GACGTCAGACTGGTTGAAATGGGTGAGCCTA-3 ' 
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'5 Example 1-1(b) 
^^^^ 

- — by S,. Thein et , 

""^^cicidle^^ I Tables 3 and 4 r. ', -PP- 3 ** 4 *^ (1990). Primers 3 andl 

were chemically synthesized. Then a ponl 0 he Du h ed " ^ ,he B ' e 9 i0n was «hed 
Example M(a) was subjected to gene amXLn siS ^"T" ° NA fr ° m BALL - ce " obtain <* 
and 4 were rep.aced for Primers and 2 "T^Z z^*™^ MW 6XCept Pri ™ s 3 
* human beta-globin intron region. The DNA frLmfn JL ,h ° f ab ° Ut 850 base ? airs «» 

polymerase for smoothing bSn ends ^Z^^JS^T. ? T' '° T4 ° NA 

by Stratagene Cloning Systems, La Jolla, California USA which han ? ' ? Ve ° t0r commerci ^ed 
H!nc II. to obtain a recombinant DNA which was thPn , ? I ^ °' eaved with restriction en2 V™ 
proliferated, isolated and purified j£ ™ U TI^TtT}??*". °' ^li" 

o analyzed by the dideoxy method for nucleic acid S er3 J P ° rt ' 0n °' the recom Wnant DNA was 

the recombinant DNA contained the nuc ei acid secZ ° NA fra9ment ' COn,irmin 9 ,h * 

recombinant DNA was digested with LSo C^.S'S?? ^ ^ 25 ^ the 
d, 9 est gave a Ps, ,-Xho I DNA fragment of 840 bJpSS'jEEg^^^ ° f 

Table 3 

Primer 3: 

5 ' -GGGTGAGTCTATGGGACCCTTG-3 ' 

Table 4 

Primer 4: 

5 ' -AGCTGTGGGAGGAAGATAAGAGG-3 ' 

Example 1-l(c) 

Preparation of DNA fragment with poly (A) Q en fi 

Plasmid vector pSV2neo (ATCC3714Q^ m- 
ligase to a Bgl II linker with a nucleic ado I sequenced! T • T iC,i ° n 6nZyme ^ "' linked T < 
enzyme Bam HI and purified, thus obtaining a Xho . R am TUT , 5 ' fUrther digeSted with restrictio " 
gene. ,am,n9 3 ^2 '-Bam HI DNA fragment of 320 base pairs with poly (A) 
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Example 1 

Recombinant DNA with hEPO DNA 

5 This Example is to illustrate recombinant DNA which contains a DNA coding hEPO as non IFN-alpha 

polypeptide. The recombinant DNA in this Example, which is created by inserting hEPO-coding cDNA in 
plasmid vector phlFPI, is readily introduceable in host cells of mammalian origin including human 
lymphoblastoid cells and sensitive to external stimuli to exhibit a high expression efficiency. 

jo Example 1-1 

Preparation of plasmid vector phlFPI 

Plasmid vector phlFPI was created by linking in the given order a Bam Hl-Pst I DNA fragment of 508 
/5 base pairs with hlFP region, a Pst l-Xho I DNA fragment of 840 base pairs with human beta-globin intron, a 
Xho l-Bam HI DNA fragment of 320 base pairs with poly (A) region, a Bam Hl-Pvu II DNA fragment of 467 
base pairs with M13, a Pvu ll- Bgl II DNA fragment of 1,487 base pairs with NeoR gene, a Bam Hl-Bgl II 
DNA fragment of 2,230 base pairs of with both ORI and AmpR gene, a Bam Hl-Pvu II DNA fragment of 
1,907 base pairs with dhfr gene, a Nde l-Hind III DNA fragment of 227 base pairs, a Nde l- Hind III DNA 
20 fragment of 214 base pairs, and a Hind Ill- Bam HI DNA fragment of 684 base pairs wherein 3 SVE genes 
were linked in series. FIG.1 shows the structure of plasmid vector phlFPI. The following will illustrate 
preparation of these DNA fragments. 

Example 1-1 (a) 

25 

Preparation of DNA fragment with hlFP region 

About 1x10 8 BALL-1 cells which had been proliferated in usual manner were washed in chilled PBS 
and then exposed to both proteinase K and SDS in chilled TNEioo while gently stirring. The reaction 

30 mixture was incubated at 50 'C for 15 hours, washed with a mixture solution of phenol and chloroform, 
dialyzed against TE solution, added with an appropriate amount of ribonuclease and incubated at 37 'C for 
30 minutes. Thereafter the resultant was added wijh appropriate amounts of SDS and proteinase K, 
incubated at 37 'C for additional 3 hours, washed with a mixture solution of phenol and chloroform, 
concentrated with n-butanol and dialyzed against TE solution, thus obtaining a purified genomic DNA. 

35 Separately Primers 1 and 2 as shown in Tables 1 and 2 respectively which beared a nucleic acid 
sequence with hlFP gene as shown in the Sequence Listing with SEQ ID No.1 were synthesized in usual 
chemical manner and the genomic DNA was subjected to gene amplification by the PCR method in the 
presence of these Primers to obtain a DNA fragment of about 500 base pairs with hlFP region. The DNA 
fragment was then exposed in usual manner to T4 DNA polymerase for smoothing both ends and inserted 

40 in plasmid vector pUCl8 (ATCC37253) which had been treated with restriction enzyme Hinc II. The 
obtained recombinant DNA was introduced by the competent cell method in HB101 strain of Escherichia 
coli (ATCC33694) which was then inoculated in LB medium (pH7.2) containing 100 micrograms/ml 
ampicillin, cultivated at 37 *C for 18 hours and centrifugally collected from the resultant culture, followed by 
extracting the recombinant DNA by usual methods. A portion of the recombinant DNA was investigated by 

45 the dideoxy method for nucleic acid sequence in the inserted DNA fragment, confirming that the 
recombinant DNA contained the nucleic acid sequence as shown in the Sequence Listing with SEQ ID No.1. 
Thereafter the recombinant DNA was digested with restriction enzymes Bam HI and Pst I and subsequent 
purification of the digest gave a Bam Hl-Pst I DNA fragment of 508 base pairs with hlFP region. 

50 
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Table 5 



Bel II linker: ol 
5'-TCGAG TCTAGA GCGGCCGC GGGCCC A -3 
3'- C AGATCT CGCCGGCG CCCGGG TCTAG-5 
Xhol Xbal NotI A£al Bglll 



Example 1-1(d) 

Preparation of DNA fragment with M13 

a Mni ai Pvu II DNA fragment prepared in usual manner with "M13mp18", a phage vector commer- 
' S , ?S ri=L Shuzo Co Ltd Shiga, Japan, was linked with T4 DNA ligase to a Hgi A. Imker w,th a 
C nSc acid seTence S s^own Tn Tab.e 6. digested with restriction enzyme Bam HI and purified to obta,n 
a Bam Hl-Pyu II DNA fragment of 467 base pairs with M13. 

20 Table 6 

^i. Unke C : GGATCC GAATTC GCG-3' 
3 ' -TCGTG CCTAGG CTTATG CGC-5' 
25 HgiAI Bam HI Eco RI 



30 Example 1-1(e) 

Pre paration of DNA fragment with NeoR gen e 

gene. 

Example 1-1(f) 

40 Preparation oj_DNAJ ragment with OR I and AmpR genes 

Plasmid vector P UC9 (ATCC37252) was digested in usual manner w ith res ,|g r witha 
SsD I and the resultant Bam H.-Ssp I DNA fragment was linked w,th T4 DNA hgase to a ^ l ^ 
— L rt seauence'aTshowTin Table 7. digested with reaction enzyme Bgj » and P 
45 S^bTSS " ~ent of 2,30 base pairs with both ORI and AmpR gene, 



50 
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Table 7 



5 ' -aatatta gatct gaattc/aagctt cgcc J, 

3 1 -TTA.TAAT ClAGA CTT^ TTCGAA CCGG 
SS£ I Bgll 1 ^ Rl l^ 111 
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Example l-1(g) 

Preparation of DNA fragment with dhfr gene 

5 Plasmid vector pSV2-dhfr (ATCC37146) was digested in usual manner with restriction enzymes Bam HI 

and Pvu II and subsequent purification of the digest gave a Bam Hl-Pvu It DNA fragment of 1,907 base 
pairs with dhfr gene. 

Example 1-1 (h) 

70 

Preparation of Nru l-Nde I DNA fragment 

With reference to the nucleic acid sequence for human cytomegalovirus (HCMV) enhancer reported by 
Michael Boshart et al. in Cell , Vol.41, pp.521 -530 (1985), Primers 5 and 6 with nucleic acid sequences as 
75 shown in Tables 8 and 9 respectively were chemically synthesized. 



Table 8 

20 Primer 5 : 

5 f -GCTTCGCGATGTACGGG-3 ' 

Table 9 

25 

Primer 6: 

5 ' -CGTACTTGGCATATGATAC - 3 ' 



30 Separately, DNAs in AD-169 strain of HCMV (ATCC VR-807) were collected, purified in usual manner 
and subjected to gene amplification by the PCR method in the presence of Primers 5 and 6 and the 
resultant DNA fragment of about 280 base pairs was exposed to T4 DNA ligase for smoothing both ends 
and inserted in plasmid vector pUC18 (ATCC37253) which had been cleaved with restriction enzyme Hinc 
II. The resultant recombinant DNA was introduced in HB101 strain of Escherichia coli , proliferated, 

35 collected, purified similarly as in Example 1-1 (a) and digested with restriction enzymes Nru I and Nde J and 
subsequent purification of the digest gave a Nru l- Nde I DNA fragment of 277 base pairs with HCMV gene. 

Example 1-1 (i) 

40 Preparation of Nde l-Hind Ml DNA fragment 

Piajmid vector puC18 was digested in usual manner with restriction enzymes Nde I and Hind III and 
subsequent purification of the digest gave a Nde l -Hind III DNA fragment of 214 base pairs. 

45 Example 1-1 (j) 

Preparation of DNA fragnrtemwith SVE genes 



50 
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Separately wi*'" ° f SV4 ° (ATCC VR ~ 305 ) was P r o |ifer ated, collected and purified in usual manner. 

27 qR \qoT 'f erence t0 the nucleic acid sequence reported by Saltzman et aL in The Papovaviridae , 
Tables 10 anr ii PreSS ' NeW York ' us \ Primers 7 and 8 w 'th nucleic acid sequences as shown in 
ourifiPd nii JI r ffP ective, y wher ein the svtfregion was sandwiched were chemically synthesized. The 
Prim J* 7 ho h*** subjected to geneJU-iification by the PCR method in the presence of these 

nnZl , th V?. Ultant ° NA Uag f? ent of^b\out 190 base pair* was exposed to T4 DNA 

polymerase for smoothing both ennc and in^rtid „ ■ , J v . ~ . „ * . ~ . 

had been Ceaved with restriction en* v ^ 3^^ 4 . D ^T?SJ ? T? ? °\ *** 

HBiOi strain of Escherichia coli. prS * rec>^°^^ was then .n.roduced in 

vectors -pHSVEB=lSdVHSVBE P - wh«Tj£^" 3nd pu,^^ n ° bta ' nin 9 J* ° f ? lasmid 

u,ff ere( j e . lch _ n c oding orientation for the SVE region. 
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inserted DNA fragment, confirming that t 
aU. 

Table 10 

5 

Primer ( 7 _ CTATGGTTGCT GACTAATTGAG-3 ' 

10 Table 11 

Primer ( 8 _ CTGAGGCGGAAA GAACCAGC-3 ' 



75 



20 



,„, purified and inserted :n P^ P SV40 enhancer s were tanked n ser.es ^ ^ 

regfonTSere linked in series. 



Example^ 



30 



35 



PrepH^onoL^c^ ^ manner and , ro m 

Humanly carcinoma ^^^X^^^^l 
the proliferated cells were co lected mRNAj. P ^ pp . 806 -8l0 (1985). P^mers 9 ^ 

K reported by Kenneth acobs jj , l3 ectivel; [ ^^wplfc-ton by 

nucleic acid sequences as shown n ^As « ( subjec ed to 9 ^ 

sandwiched were chem.cally s Y n ™ s ' jmers t0 obta in a cDNA of about WW o " SK( . )f 

he PCR method in the presence of these ^ ^ , n piasmrf iwcW P then 

sequence Reported by Jacobs etaL 



45 



Table 12 
Prime 5 ' 9 -GCGGAGATGGGGGTGCACGA-3 ' 



50 



55 



EP 0 658 627 A2 



Table 13 

Primer lo : 

5 , -CACCTGGTCATCTGTCCCCTG- 3 ' 



The recombinant DNA w*o * 
Example^ 

75 

^^^^^ 

The recombinant DNA pIFPhEPO 
»)*ona, 3 iter ^ "f^' Laboratory , « W " h ' 0I " U/ "" BALI In 

Co.. Ud.. Osaka, Japan. °* hum » ortgin cc™ me ,cM^^^^ 

' 0 Chemicals Industry 



Example^ 

£l£Ml2f ^ With HufFM 

— Wltn Hu £ N-9amma DNA 



' Peripheral blood was collected t 

Prepared into recombinant DnT'ZV ^ HulFN ^^ cDNA a^tZTT amp "' fied b ^ 
Sample 1-2. introduced in HB, 01 Sn by ' nSertio " in P'asmid vec , or dB 2 reSU " ant cDNA * "ere 
Separately with reference o T^^^^P^Z^"^ ^ Simi,a ^ « in 
Oerynck et al. in Nucleic Acid, n S ' C acid sequence for h,,ifm 

nucleic ad^ eq u^i~~~^^l- V °'->0, No.12. pp 3 Z l ^* m ™ cDNA reported by R ik 
'abe,.ed with 4. B ?*£ ^ " *«">* 5 ( ' 9 ^ P -bes , through 3 ™ 

with HulFN-gamma W^"^ 1 ^ ,he «^2^ h . Ch8n * ! »«» ^thesled a d 

• — -a. a P o^r ^^.si^ a *• 
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, nNA contained the nucleic 
■ the recombinant DNA coma 

Table 1* 

Pr ° b V 1tggctgttactgccaggacccatat-3 ' 

Table 15 

Probe 5 - Laaacgagatgacttcgaaa-3 ' 

>5 Table 16 

Pr ° be 5 ' -CATGAACTCATCCAAGTGA-3 1 



25 



Trr^^^-Hr-S 

g^&BS*st*s* 

1 \* motor. 



30 



Exam i ^ 4 



35 



40 



^rmant with Hylft^gar^ Us by the | 

- 

sow* " iftALL'1) cultured at 37 t- «* .^ilional 16 IwW- MM, .„„ .« ic iency, produced 



5301 ' ■ **> - -"M — ^ 



45 abou«. *■ 
m f- 

50 aSCni'- 
preso « 
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10 



15 



jThe transformant BF-aio . 

with a fresh ^JJ' " ^ T <* S VS ^ ° f a ^"» 5x (pH7 -2) 
m f '««« to 9ive a ce(( S ? ^ Same 1 Cu »"e were ceS *? CU " Ured *» 

,n ?% C0 2 incubator at Si ab ° Ut 5x, ° 6 cells^! ° 5Pended «" a fresh IrTJ ^ Co ' ,ec ^ 
"7 and cultured S the °' 3 ^ «*« ttn 50 f ^ 10 °' U/ -' ™ -afpha ST ° f "* *"» 

Ref 3 S ' 9nif,Can( 9'/co Sy/ ation ^ was ^ined in to ? e 1°° ** 9S ' to 



30 



35 



"The transformant "BE-9t?» 
supplemented with t 0 °/ a,/ » 7 0bfaine d in ExamolP 1 o 

ab °* 'Sg/hamster 1 ,Um0r ' um es subcuL * Ce " s/ha ™st e r. foll ™ £ ad bee " '™munosup P re s 
KPM, teTo m edLmTu Cted and ' «" *am" ter * »em in'S 

^ns/ty of about 5^0 Cpl /" H7 - 2) - fended* a^r*"' manner ™to W<3 ' wei ^ of 

37> C for 3 hours u rt h S m '' added 100 U/m.S pre P a ^tion of the Lml CG " S Were "ashed 

SS&gnceBjamB^ ^ revea '* d «»t about 
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f^oj^ipn^fHu,^ . 

Th^ . 



45 



1 



^_^-^o^unna n £ 

Tf >e transformant BIG 7n , 
supplemented with in* , / . ° btained Examnto „ 

5% C0 2 incubat J ^ ^to^.^ Sus ^^ed i n RPMI , 64Q 

resultant culture «, a .L J for 15 "ours for nrZ-T dens,t y of about * «u 0 me *um ( D H7?> 

' nc ^ated at the same temoe "° UrS ' fUrfher a ^ed w^h 7 0 V h °' U/m ' ' F ^" a, Pha (BALL mediurT1 0*7* 

1 'fie produced HulFN- 
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Reference Example 4 

Production of HulFN-gamma using transformant 

5 The transformant BIG-713 obtained in Example 4 was suspended in RPMI 1640 medium (pH7.2) 

supplemented with 10% (v/v) fetal calf serum to give a cell density of about 4x10* cells/ml and cultured in 
5% C0 2 incubator at 37 'C for 15 hours for proliferation. The cells were centrifugally collected from the 
resultant culture, washed with physiological saline, resuspended in serum-free RPMI 1640 medium (pH7.2) 
and subcutaneously implanted by injection in the femora of nude mice in an inoculum of about 1x10 7 

w cells/nude mouse. Thereafter the nude mice were fed in usual manner for 5 weeks and the tumor lumps 
subcutaneously formed in the nude mice, averaged wet weight of about 12g/nude mice, were extracted and 
disaggregated. 

The transformant cells thus obtained were treated similarly as in Reference Example 3 except that 
Sendai virus was replaced for Newcastle disease virus, thus about 100,000IU/ml HulFN-gamma was 
75 produced. 

As described above, this invention is to provide a novel recombinant DNA and transformant both 
utilizing IFN-alpha promoters. 

Transformants wherein the recombinant DNA of this invention has been introduced enable artificial 
control on their polypeptide production by the presence and absence of external stimuli using IFN-alpha 

20 inducers. Because of this, when cultured in the absence of IFN-alpha inducers, the transformant of this 
invention proliferates to maximum level with causing neither damages nor extinction due to polypeptides it 
produces. While proliferated transformants allow the introduced DNAs to express in maximum level leading 
to production of objective polypeptides when cultured in turn in the presence of IFN-alpha inducers. Thus 
according to this invention even polypeptides whose production has been deemed very difficult with 

25 conventional recombinant DNA technology can be easily produced in desired amounts. 

Further this invention has another merit that it enables efficient production of less dangerous and legs 
toxic polypeptides in desired amounts because in this invention IFN-alpha promoters very strongly work, as 
well as because even usual IFN-alpha inducers are feasible in production steps for medicines with causing 
no troubles and then easily removable in the course of purification steps. In particular, even in case that 

30 objective polypeptides are such which are very efficacious but originally produced in glycosylated forms 
and therefore whose production has been deemed very difficult with conventional recombinant DNA 
technology, this invention does facilitate their production verjy much. Still further the polypeptides produced 
in transformants using HulFN-alpha promoters can be incorporated without care for undesirable side effects 
in medicines which are principally administered to human because HulFN-alpha inducers per se are 

35 originally present in human body. 

This invention, which exhibits such notable effects and functions, can be said to be a significant 
invention which would be greatly contributive in the art. 
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SEQUENCE LISTING 



GENERAL INFORMATION: 
(i> APPLICANT: 

(A) NAME: KABUSHIKI KAISHA HAYASHIBARA SEIBUTSU KAGAKU 

KENKYUJO 

(B) STREET: 2-3, 1-CHOME, SHIMOISHII, OKAYAMA-SHI 

(C) CITY: OKAYAMA 
(E> COUNTRY: JAPAN 

(F) POSTAL CODE (ZIP) : 700 

(::) TITLE OF INVENTION : RECOMBINANT DNA AND TRANS FORMANT CONTAINING 



ill i NVM3ER OF SEQUENCES: 19 

fivl w^'JTER READABLE FORM: 

I A* MEDIUM TYPE: Floppy disk 
tB) COMPUTER: IBM PC compatible 
I CI OPERATING SYSTEM: PC-DOS/MS -DOS 

' ~ SOFTWARE : Patentln Release #1.0, Version #1.30 (EPO) 

;W0R APPLICATION DATA: 

A: APPLICATION NUMBER: JP 342237/1993 
•b. FILING DATE: 15-DEC-1993 



NKrYATID:; FOR SEQ ID NO: 1: 

. -*:,ve:;ce characteristics: 

A LENGTH: 31 base pairs 

b TYPE: nucleic acid 

. - STRANDEDNESS : unknown 

u TOPOLOGY: unknown 



>. ';f;\~nce description: seq id no: i : 
r tttatgtac ccacaaaaat c 

^*VT::N FOR SEQ ID NO: 2: 

. - 1 . J&NCE CHARACTERISTICS : 
a LENGTH: 31 base pairs 
li TYPE: nucleic acid 

STRANDEDNESS: unknown 
: TOPOLOGY: unknown 



t.'TNTE DESCRIPTION: SEQ ID NO: 2: 

- - r , ;ttgaaat gggtgagcct a 

* - : . ;N FOR SEQ ID NO : 3 : 
. . 'KNCE CHARACTERISTICS: 
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(D) OTHER INFORMATION :/standard_name» "Ssp I linker" 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

5 

AATATTAGAT CTGAATTCAA GCTTGGCC 28 

(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS : 
w (A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : unknown 

(D) TOPOLOGY: unknown 



J5 



20 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
GCTTCGCGAT GTACGGG 17 
(2) INFORMATION FOR SEQ ID NO: 11: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: unknown 
25 (D) TOPOLOGY: unknown 



30 (xi) SEQUENCE DESCRIPTION : SEQ ID NO: 11: 

C|TACTTGGC ATATGATAC 19 
(2) INFORMATION FOR SEQ ID NO: 12: 

35 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: unknown 

(D) TOPOLOGY: unknown 

40 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
CTATGGTTGC TGACTAATTG AG 22 
(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: unknown 

(D) TOPOLOGY: unknown 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 
CTGAGGCGGA AAGAACCAGC 
(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : unknown 

(D) TOPOLOGY: unknown 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
GCGGAGATGG GGGTGCACGA 
(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: unknown 

(D) TOPOLOGY: unknown 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

CACCTGGTCA TCTGTCCCCT G 

(2) INFORMATION FOR SEQ ID NO: 16: 

(i), SEQUENCE CHARACTERISTICS: 
J (A) LENGTH: 25 base pairs 
' (B) TYPE: nucleic acid 

(C) STRANDEDNESS: unknown 

(D) TOPOLOGY: unknown 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 
TGGCTGTTAC TGCCAGGACC CATAT 
(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: unknown 

(D) TOPOLOGY: unknown 



(19) 




(12) 



EuropSisches Patentamt 
European Patent Off ice 

Office europaendes brevets OD EP 0 658 627 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

11.12.1996 Bulletin 1996/50 

(43) Date of publication A2: 

21.06.1995 Bulletin 1995/25 

(21) Application number: 94309279.1 

(22) Date of filing: 13.12.1994 

(84) Designated Contracting States: 
DE FR GB 

(30) Priority: 1 5.1 2.1993 JP 342237/93 

(71) Applicant: KABUSHIK1 KAISHA HAYASHIBARA 
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Okayama-shi Okayama (JP) 

(72) Inventors: 

. Mori, Tetsuya, 
413 Abitashion-Gurandou-Biru 1-12 
aru, Kamigyou-ku, Kyoto-shi, Kyoto (JP) 



(54) Recombinant DNA with interferon-alpha promoter 

(57) Insertion of IFN-alpha promoters in recom- 
binant DNAs improves their expression efficiencies for 
useful polypeptides. Expression of such a recombinant 
DNA in host cells of mammalian origin is artificially con- 
trollable by the presence and absence of external stim- 
uli using IFN-alpha inducers. Thus transformants with 
such a recombiant DNA readily increase to a maximized 
cell density with causing neither damages nor extinction 
due to polypeptides they produce, and subsequent 
exposure to IFN-alpha inducers allows the proliferated 
cells to efficiently produce polypeptides with significant 
glycosylates. 



(51) Int. CI. 6 : C12N 15/85, C12N 15/12, 
C12N5/10 



Yamamoto, Kozo 
Okayama-shi, Okayama (JP) 
• Ohta, Tsunetaka 
Okayama-shi, Okayama (JP) 

(74) Representative: Daniels, Jeffrey Nicholas et al 
Page White & Fairer 
54 Doughty Street 
London WC1N2LS(GB) 
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/note» "Presented as v t- n c. 

positions S to 26 of sequence ff <JUence complementary wi Ch 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0: 6: 
CAGATCTCGC CGGCGCCCGG GTCTAG 

(2) INFORMATION FOR SEQ ID NO: 7 : 26 

(i) SEQUENCE CHARACTERISTICS • 

n II E: nuc leic acid 
C STRANDEDNESS: unknown 
TOPOLOGY: unknown 

(ix) FEATURE: 

(A) NAME/KEY: misc feature 
B) LOCATION:!.. 16~ 
(D) OTHER INFORMATION- /stanHar-/-? 

/note- "ComplLntaS wxErnn^;" 91 AI linker " 

ry wxth positions 5 to 20 of sequence 8- 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
CGGATCCGAA TTCGCG 

(2) INFORMATION FOR SEQ ID NO: 8: " 
(i) SEQUENCE CHARACTERISTICS- 

S Sf H: 2 ? base pairs 

a TYPE .- nucleic acid 
C) STRANDEDNESS: unknown 
TOPOLOGY: unknown 

(ix) FEATURE: 

(A) NAME/KEY: misc feature 

(B) LOCATION: 5 20~ CUre 

(D) OTHER INFORMATION • /cr=„j, j 

/note- "Presented as 3- d E S a ^ = "" gi AI linker " 

positions 1 to 16 of sequence ^ qUence oompiementary with 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
TCGTGCCTAG GCTTATGCGC 

(2) INFORMATION FOR SEQ ID NO: 9 : 20 
(i) SEQUENCE CHARACTERISTICS - 

B tSe™-' 2 ? baSe ^ 
ih TYPE: nucleic acid 

C) STRANDEDNESS : double 

TOPOLOGY: unknown 

(ix) FEATURE: 

(A) NAME /KEY : misc f eature 

(B) LOCATION: 1 .. 28~ 



16 
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(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 
(O STRANDEDNESS: unknown 
(D) TOPOLOGY: unknown 



jo (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

GGGTGAGTCT ATGGGACCCT TG 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS • 
is ^) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: unknown 

(D) TOPOLOGY: unknown 



20 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
AGCTGTGGGA GGAAGATAAG AGG 

23 

25 (2) INFORMATION FOR SEQ ID NO: S; 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: unknown 
30 (D) TOPOLOGY: unknown 



35 



(ix) FEATURE: 

(A) NAME /KEY : misc feature 1 

(B) LOCATION: 5. . 26~ 1 



(D) OTHER INFORMATION: /standard name= -flgl II linker" 

/not- "Complementary with pcltiSa" to ^of sequence 6' 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
40 TCGAGTCTAG AGCGGCCGCG GGCCCA 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS- 
(A) LENGTH: 26 base pairs 
45 B) TY PE: nucleic acid 

(C) STRANDEDNESS: unknown 

(D) TOPOLOGY: unknown 



26 



(ix) FEATURE: 
50 < A > NAME/ KEY: misc feature 

(B) LOCATION: 1. .22~ 

(D) OTHER INFORMATION : /standard_name= "Bgl II linker" 



55 
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FIG.l 
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4. A replicable recombinant DNA according to any one of claims 1 to 3, wherein said plasmid vector links 
one or more members selected from the group consisting of G-418 resistance gene, methotrexate 
resistance gene and ampicillin resistance gene. 

5 5. A replicable recombinant DNA according to any one of the preceding claims, wherein said plasmid 
vector is phlFPI. 

6. A replicable recombinant DNA according to any one of the preceding claims, wherein said DNA codes 
either human erythropoietin or human interferon-gamma. 
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7. A transformant, which comprises a host cell of mammalian origin in which the replicable recombinant 
DNA of any one of the preceding claims has been introduced. 

8. A transformant according to claim 7, wherein said host celt is a human lymphoblastoid cell. 
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• (Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 
AAACGAGATG ACTTCGAAA 
(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS • 
(A) LENGTH: 19 base pairs 
B TYPE: nucleic acid 
10 C) STRANDEDNESS : unknown 

(D) TOPOLOGY: unknown 



19 



20 



25 



(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 18 
CATGAACTCA TCCAAGTGA 
(2) INFORMATION FOR SEQ ID NO: 19 . 

(i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 485 base pairs 
3 TYPE: nucleic acid 
C STRANDEDNESS: unknown 
(D) TOPOLOGY: unknown 



19 
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35 
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(Xi) SEQUENCE DESCRIPTION : SEQ ID NO ■ 19. 
CCCCTCr™ GTACCCACAA WBBm TCAAAAAAGT TGCTCTAAGA ATATAGTTAT 
CAACTTAAGT AAAATGTCAA UCCC™, ATTTAATTTT TAATTGTTTT ATCATTCTTT 
GCAATAATAA AACATTAACT TTATACTTTT TAATTTAATG TATAGAATAG AGATATACAT 
AGGATATGTA | AATAGATACA CAGTGTATAT GTGATTAAAA TATAATGGGA GATTCAATCA 
GAAAAAAGTT TCTAAAAAGG CTCTGGGGTA AAAGAGGAAG GAAACAATAA TGAAAAAAAT 
GTGGTGAGAA AAACAGCTGA AAACCCATGT AAAGAGTGCA TAAAGAAAGC AAAAAGAGAA 
CTAGAAAGTA ACACAGCGCC ATTTGGAAAA TGTAAACGAG TATGTTCCCT ATTTAAGGCT 
AGGCACAAAG CAAGGTCTTC AGAGAACCTO GAGCCTAAGG TTTAGGCTCA CCCATTTCAA 
CCAGTC 
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1- A replicable recombinant DNA which mmm*^ 
- P-0 TOK , and a DNA * a Mes S&SZZSEZZ™ "* " 

2. A replicable recombinant DNA accordinn tn i ■ 

interferon-alpha promoter. 9 m 1 ' Wherein said interferon-alpha promoter is a human 

55 3. A replicable recombinant DNA accordino to claim i „ 

bears the nucleic acid Sequence as s J n jn (he a^u*^*^^ P-o.er 
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